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(54) SOFT MAGNETIC MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a soft magnetic material which does not contain lead, 
has high water resistance and is composed of soft magnetic metals and a glass composite 
having better wettability, with the soft magnetic metals at around molding-body firing temperature. 
SOLUTION: This soft magnetic material is provided by covering the powder surface of the soft 
magnetic metals with a phosphate glass composite composed of, substantially in mole indication, 
P205 39-47%, AI203 3-6%, ZnO 8-12%, BaO 1-12%, Li20 7-17%, Na20 7-17%, and K20 0- 
8%, where ZnO+BaO is 19-24%, and Li20+Na20+K20 is 25-33%. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Substantially the particulate matter front face of a soft magnetism metal by mol display P2 0539- 
47%, aluminum 203 3 - 6%, ZnO 8 - 22%, BaO 1 - 12%, Li2 O 7 - 17%, Na2 O 7 - 17%, K2 O Soft 
magnetic materials which have covered 0 - 8%, however ZnO+BaO with the phosphate glass constituent 
with which Li2 0+Na2 0+K2 O consists of 25 - 33% 19 to 24%. 

[Claim 2] It is P2 05 by mol display to a soft magnetism metal and a real target. 39 - 47%, aluminum 203 3 

- 6%, ZnO 8 - 22%, BaO 1 - 12%, Li2 O 7 - 17%, and Na2 O 7 - 17%, and K2 O 0 - 8%, however 
ZnO+BaO - 19 - 24%, and 2025 - 33% of Li2 0+Na2 O+K from - soft magnetic materials which have 
mixed the becoming phosphate glass constituent. 

[Claim 3] It is P2 05 by mol display to a soft magnetism metal and a real target. 39 - 47%, aluminum 203 3 

- 6%, ZnO 8 - 22%>, BaO 1 - 12%, Li2 O 7 - 17%, and Na2 O 7 - 17%, and K2 O 0 - 8%, however 
'ZnO+BaO 19 - 24%, and 2025 - 33% of Li2 0+Na2 O+K from ~ soft magnetic materials which have 
carried out sinter molding of the becoming phosphate glass constituent. 

[Claim 4] Said soft magnetism metal A Fe-Si-B-M (at least one sort of elements with which M was chosen 
from Cr, W, Mo, and Nb) system amorphous alloy, A Co-Fe-Si-B system amorphous alloy, Fe-Cu-Si-B-M 
(at least one sort of elements with which M was chosen from Nb, W, Ta, Zr, Hf, Ti, and Mo) system nano 
crystal, Soft magnetic materials according to claim 1, 2, or 3 which are what consists of Sendust, a 
permalloy, a Fe-Si system alloy, a Fe-nickel system alloy, or the pure iron. 



[Translation done.] 



* 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the soft magnetic materials which consist of a soft 

magnetism metal and a glass constituent. 

[0002] 

[Description of the Prior Art] As soft magnetic materials, since amorphous soft magnetism metals, such as 
for example, a Fe-Si-B-M (at least one sort of elements with which M was chosen from Cr, W, Mo, and Nb) 
system amorphous alloy, and a Co-Fe-Si-B system amorphous alloy, are excellent in corrosion resistance, 
abrasion resistance, reinforcement, permeability, etc. compared with a crystal ingredient, they are used as a 
choke coil, a core iron material of a flyback transformer, etc. However, since it is necessary to make electric 
insulation have while in the case of said soft magnetism metal maintaining an amorphous state so that the 
soft magnetism may not be spoiled, if it is line trap ****** about pressing in the binding material of electric 
insulation below temperature lower than the crystallization temperature and about 500 degrees C, there is 
nothing. Then, pressing in temperature lower than the crystallization temperature of said soft magnetism 
metal is performed by generally mixing and heating the binding material which becomes the particulate 
matter of said soft magnetism metal from a glass constituent with softening temperature lower than the 
crystallization temperature. That is, since said binding material constituted some Plastic solids as a binding 
material between the particulate matters of said soft magnetism metal, properties, like there are little electric 
insulation in a room temperature and reactivity with said soft magnetism metal were made indispensable so 
that not only a low-temperature softening degree but the resistance by application of pressure or heating and 
the soft magnetism of said soft magnetism metal might not be spoiled, and the glass constituent which uses 
PbO as a principal component was conventionally used as said binding material. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the glass constituent which uses PbO as a 
principal component contained lead harmful to an environment, it had a problem from the point of an 
environmental cure. Moreover, in the case of the glass constituent of the system which does not contain 
lead, when the water resisting property was low, a content heavy metal harmful to an environment was 
eluted, and there was a problem from the point of an environmental cure similarly. Moreover, the demand to 
a recent years more firm and precise Plastic solid is strong, and, for this reason, what has better wettability 
with said soft magnetism metal is needed near Plastic solid burning temperature. Therefore, the object of 
this invention is in the point of offering the soft magnetic materials which consist of glass constituents with 
more sufficient wettability and soft magnetism metals with a soft magnetism metal, near Plastic solid 
burning temperature while it is made in view of the above-mentioned actual condition and equipped with a 
high water resisting property excluding lead. 
[0004] 

[Means for Solving the Problem] [Configuration] the description configuration of the soft magnetic 
materials of invention of claim 1 It is the particulate matter front face of a soft magnetism metal by mol 
display substantially P2 05 39 - 47%, aluminum 203 3 - 6%, ZnO 8 - 22%, BaO 1 - 12%, Li2 O 7 - 17%, 
and Na2 O 7 - 17%, and K2 O 0 - 8%, however ZnO+BaO - 19 - 24%, and 2025 - 33% of Li2 0+Na2 
O+K from — it is in the point covered with the becoming phosphate glass constituent. 
[0005] The description configuration of the soft magnetic materials of invention of claim 2 is a mol display 
at a soft magnetism metal and a real target. P2 OS 39 - 47%, aluminum 203 3 - 6%, ZnO 8 - 22%, BaO 1 - 
12%, and Li2 O 7 - 17%, and Na2 O 7 - 17%K 2O0 - 8%, however ZnO+BaO - 19 - 24%, and 2025 - 33% 



of Li2 0+Na2 O+K from — it is in the point which has mixed the becoming phosphate glass constituent. 
[0006] The description configuration of the soft magnetic materials of invention of claim 3 is a mol display 
at a soft magnetism metal and a real target. P2 OS 39 - 47%, aluminum 203 3 - 6%, ZnO 8 - 22%, BaO 1 - 
12%, and Li2 O 7 - 17%, and Na2 O 7 - 17%K 2O0 - 8%, however ZnO+BaO - 19 - 24%, and 2025 - 33% 
of Li2 0+Na2 O+K from — it is in the point which has carried out sinter molding of the becoming phosphate 
glass constituent. 

[0007] Said soft magnetism metal in the description configuration of the soft magnetic materials which the 
description configuration of invention of claim 4 requires for above-mentioned claim 1, claim 2, or claim 3 
A Fe-Si-B-M (at least one sort of elements with which M was chosen from Cr, W, Mo, and Nb) system 
amorphous alloy, A Co-Fe-Si-B system amorphous alloy, Fe-Cu-Si-B-M (at least one sort of elements with 
which M was chosen from Nb, W, Ta, Zr, Hf, Ti, and Mo) system nano crystal, It is in the point which is 
what consists of Sendust, a permalloy, a Fe-Si system alloy, a Fe-nickel system alloy, or the pure iron. 
[0008] [An operation and effectiveness] In the description configuration of claims 1-4 of this invention 
especially substantially by mol display P2 05 39 - 47%, aluminum 203 3 - 6%, ZnO 8 - 22%, BaO 1 - 12%, 
Li2 O 7 - 17%, Na2 O 7 - 17%, K20 0 - 8%, however ZnO+BaO - 19 - 24%, and 2025 - 33% of Li2 
0+Na2 O+K from — the operation and effectiveness by the becoming phosphate glass constituent are 
explained. 

[0009] P2 OS It is the optimal glass network former for low-melting-glass production which does not 
contain PbO. P2 05 since a possibility that the devitrification nature of glass may deposit a crystal during 
increase and Plastic solid baking with a metal, and may make a firm Plastic solid acquisition impossible etc. 
will arise if there are too few contents — more than 39 mol % — it is necessary to make it contain However, 
since moisture content will also increase inevitably and a water resisting property will fall extremely if there 
.are too many contents, as for the content, less than [ 47 mol % ] is desirable. 

[0010] aluminum 203 It is a component effective in a water resisting property. Moreover, little aluminum 
203 In phosphate glass, it works to the consolidation of the glass network structure, and the stability over 
devitrification of glass is increased, then — for raising a water resisting property — more than 3 mol % — it is 
necessary to make it contain However, if there are too many contents, since the viscosity of glass will 
increase and a low-temperature softening degree will be spoiled, as for the content, less than [ 6 mol % ] is 
desirable. 

[001 1] Since ZnO raises a water resisting property, without seldom spoiling low-melting, it is a component 
indispensable to the low-melt point glass which does not contain PbO. However, if a content increases too 
much, wettability with a metal will be checked and the devitrification inclination of glass will also increase. 
Moreover, the presentation which are is not desirable from the point of an environmental cure. Therefore, 8- 
22-mol % of a content is suitable. Since BaO has the same operation effectiveness as ZnO, it is a component 
effective in a permutation with ZnO. However, since the effectiveness which prevents low-melting and 
wettability from ZnO is large, the direction of a content which is not is good. Therefore, 1-12-mol % of a 
content is suitable. And 19-24-mol% of the sum total content of ZnO and BaO is suitable. 
[0012] Li2 O, Na2 O, and K2 O are components effective for an improvement of the melting nature of glass, 
and physical properties. However, if a content increases too much, although promoted, since the water 
resisting property of glass deteriorates, it is not desirable [ low-melting ]. About Li2 from low-melting and 
water resisting property O, and Na2 O, 7-17-mol % of a content is respectively desirable. Since the 
effectiveness of degrading a water resisting property is the largest, 0-8-mol % of a content is suitable for K2 
O. Moreover, since the way made to live together two or more sorts can control waterproof degradation 
according to a mixed alkali effect, 25-33-mol % of a content is suitable for an alkali-metal oxide as the total 
quantity of Li2 O, Na2 O, and K2 O. 

[0013] Therefore, since Plastic solid baking could be performed at low temperature, and the electromagnetic 
properties of the produced Plastic solid were not spoiled and also it has the high water resisting property by 
constituting soft magnetic materials from a soft magnetism metal and an above-mentioned phosphate glass 
constituent, excluding lead at all, it is desirable also from the point of an environmental cure. Furthermore, 
since the wettability of a soft magnetism metal and a glass constituent is good near Plastic solid burning 
temperature, a firmer and precise Plastic solid is acquired. 

[0014] And since the particulate matter front face of a soft magnetism metal is covered with said phosphate 
glass constituent according to the description configuration of the soft magnetic materials concerning 
invention according to claim 1, and the glass constituent softened with heating at the time of Plastic solid 



baking enters between the particulate matters of said soft magnetism metal at homogeneity, much more 
above-mentioned effectiveness is puffed up. According to the description configuration of the soft magnetic 
materials concerning invention according to claim 2, since what is necessary is just to mix said phosphate 
glass constituent with said soft magnetism metal, above-mentioned effectiveness can be acquired simple. 
According to the description configuration of the soft magnetic materials concerning invention according to 
claim 3, since sinter molding of said soft magnetism metal and said phosphate glass constituent is carried 
out beforehand, the Plastic solid which consists of uniform mixture by the time of calcinating a Plastic solid 
eventually is acquired, and above-mentioned effectiveness can be acquired certainly. According to the 
description configuration of the soft magnetic materials concerning invention according to claim 4, in 
various soft magnetism metals, the effectiveness of claims 1-3 can be acquired and it is convenience. 
[0015] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained briefly below. The 
particulate matter and phosphate glass constituent particulate matter (mean particle diameter of about 3 
micrometers) of a soft magnetism metal of Fe78Si nine B13 (mean particle diameter of about 65 
micrometers) were prepared to the mixing ratio (volume ratio) of 95:5, and the soft magnetic materials 
which consist of composite powder grain which covered the particulate matter front face of a soft 
magnetism metal with glass powder grain were produced using the particulate matter surface treatment 
equipment shown in drawing 1 as follows. Drawing 1 shows the flank sectional view (drawing cut towards 
intersecting perpendicularly with an axial center in the location near the piece side edge section of a 
cylindrical cup 1) of particulate matter surface treatment equipment. Supply the particulate matter 9 
prepared inside the cylindrical cup 1 which can be sealed, and a particulate matter 9 is pressed and 
compressed by the press member 5 attached at the head of the 1st arm 4 which projects radially by the boss 
. 3 fixed to the revolving shaft 2. The actuation which scratches a particulate matter 9 by SUKUREPA 7 
attached at the head of the 1st arm and the 2nd crossing arm 6 which projects radially from the boss 3 is 
repeated by revolution actuation of the 1st arm 4 and the 2nd arm 6. Surface fusion was made to induce 
between particulate matters according to powerful sticking-by-pressure frictional force, and the soft 
magnetic materials which made the particulate matter front face of a soft magnetism metal cover with glass 
powder grain were produced. 

[0016] Next, the example of a phosphate glass constituent is explained to a detail. The phosphate glass 
constituent was produced as follows. After often mixing the raw material of carbonates (for example, Na2 
C03, K2 C03, etc.), oxides (for example, BaO, ZnO, etc.), hydroxides (for example, aluminum3 (OH) etc.), 
and acids (for example, H3 P04 etc.), 900 degrees C was fused for 1 hour using the crucible of the quality 
of a high alumina, stirring intermittently. On the stainless plate currently heated beforehand, it is begun to 
pass melt and it is annealed. Substantially then, by mol display P2 05 39 - 47%, aluminum 203 3 - 6%, 
ZnO 8 - 22%, BaO 1 - 12%, and Li2 O 7 - 17%, and Na2 O 7 - 17%, and K2 O 0 - 8%, however ZnO+BaO - 
- 19 - 24%, and 2025 - 33% of Li2 0+Na2 O+K from ~ the phosphate glass constituent of the becoming 
presentation was obtained. Thus, the glass transition point of the produced phosphate glass constituent, the 
water resisting property, and the wetting angle were measured. 

[0017] The glass transition point was measured on the temperature-up conditions of 10 degrees C / min by 
the DSC method. This value shows low-melting [ of a glass constituent ]. 

[0018] A water resisting property shows the value (W) calculated as follows. 5g of glass constituents was 
made immersed for 60 minutes into 500ml of pure water, and W was calculated by the degree type from the 
weight (g80) at the time of making it dry at 80 degrees C the weight (go) when pulling up, and after that for 
24 hours. 

A water resisting property is so good that W=(go-g80)/g80xl00, therefore the value of W are small, and 2% 
or less of W is desirable from an activity. 

[0019] Next, the wetting angle was measured as follows. In addition, as it is indicated in drawing 2 as a 
wetting angle, it is the thing of the include angle theta of the solid phase-liquid phase interface of a drop, and 
a liquid phase-gaseous-phase interface, and it is shown that the wettability in which a liquid soaks a solid- 
state front face is high, so that wetting angle theta is small. First, the cylinder which hardened and created 
the glass constituent is carried on the ribbon of an amorphous metal, it puts into a 460-degree C furnace, and 
they are after 30-minute maintenance and the wetting angle theta 460. It measured. It is the 540-degree C 
wetting angle theta 540 to raising and this appearance about temperature after that. It measured. And it is 
theta 460 in order for wettability with a soft magnetism metal to obtain a better glass constituent near Plastic 



solid burning temperature. 100 degrees C or less, and the ratio theta 540 of a wetting angle / theta 460 What 
is about 0.4 or less is desirable. 

[0020] The presentation and each property are shown in tables 1 and 2 about the examples 6-9 of a 
comparison as an example of the glass constituent of the presentation which is not included in this invention 
about examples 1-5 as an example of a phosphate glass constituent. 
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[0023] As shown in tables 1 and 2, unlike the glass constituent of the conventional presentation, the 
phosphate glass constituent of the presentation which requires the examples 6-9 of a comparison for this 
invention to that of low melting nature, a water resisting property, and ****** that lacks in at least one 
property among wettability is equipped with low melting nature, the water resisting property, and the 
property that was excellent about wettability all. 

[0024] [Another operation gestalt] Other operation gestalten are explained below. 

**1** The approach of covering the particulate matter front face of a soft magnetism metal with a glass 
constituent may be covered with the approach not only by a previous operation gestalt but a sol gel process 
or the plasma method etc. 

**2** What mixed the glass constituent with the soft magnetism metal not only by the previous operation 
gestalt but by the mixer etc. is sufficient as soft magnetic materials. 

**3** What carried out sinter molding of what [ what carried out sinter molding of not only a previous 
operation gestalt but a soft magnetism metal and the glass constituent ], for example, those composite 
powder grain, mixture, etc., is sufficient as soft magnetic materials. 

**4** D on 't restrict to the component explained in the previous example, and a phosphate glass constituent 
is aluminum 203. P2 05 They are B-2 03 and La 203 about small quantity. And Ti02 You may permute 
and the small quantity of ZnO or BaO may be permuted by SrO, CaO, MgO, etc. 

**5** A soft magnetism metal is not what is restricted to Fe78Si nine B13 explained with the previous 
operation gestalt. For example, the Fe-Si-B-M (at least one sort of elements with which M was chosen from 
Cr, W, Mo, and Nb) system amorphous alloy which consists of other presentation ratios, Nano crystal, such 
as a Co-Fe-Si-B system amorphous alloy and a Fe-Cu-Si-B-M (at least one sort of elements with which M 
was chosen from Nb, W, Ta, Zr, Hf, Ti, and Mo) system, You may be Sendust, various permalloys, a Fe-Si 
system alloy, a Fe-nickel system alloy, or pure iron. 

**6** although especially the content of the phosphate glass constituent in soft magnetic materials is not 
limited, in order to achieve the function as a binding material — about 0.5 — an about [ -20vol% ] content is 
desirable. 

**7** When covering the particulate matter front face of a soft magnetism metal with a phosphate glass 



constituerit, in order for the chip omission of the glass constituent etc. to protect that the thickness becomes 
an ununiformity, it is about 3 micrometers. A coat by the following thickness is desirable. 
**8** The glass constituent which constitutes the soft magnetic materials concerning this invention may 
contain the unescapable impurity. In addition, it is better for the glass constituent of the system containing 
Sn oxides, such as SnO, to have a problem in respect of electric insulation etc., since Metal Sn deposits, and 
not to contain Sn oxide. 
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[0006] m$« 3 <D&wi<Dmm&#ft<o®WLmj8. 

(4, ft&tfefeS, ST/, ISWC^^^I?, P2 Os 

3 9—4 7%, A 1 2 Oj 3-6%, ZnO 8- 
2 2%, BaO 1-12%, Li 2 O 7-17%, 
Na* O 7-17%, K= O0~8%, fcffL, Zn 
O+B a O^i 9~ 2 4%, Li 2 0 + Na 2 O + K2 

oas2 5~3 3% *»e>*sy 7 x®.f$.mzm 

[00 0 7] 18*94 ©3gPJ©#$t«j£l4, ±f£fg*9 

1 XI4f»*9 2 XiiH*9 3 ic#5«:Ktt«^o#®« 



3 

fi£(cfclt5mffe*BStt^Jgfi. Fe-Si -B-M (M 
liCr, W, Mo, Nbi>^bmt£flit'pt£< t h liO 
7tm S#faW-a-^, Co-Fe-Si-BSMI^ 

Fe-Cu-Si-B-M (MI1N b , W, T a , 
Zr, Hf, T i RXfMofrt>miitlt~'Pte< th 1« 

©tc§£) =fcTV ? y 7*/k -fe^^K ^n-C, 

Fe-Si F e-N i Xlij&S:©? *> 

[0 0 08] Wffl&t^H) #3PJ©IS#Jl 1 ~ 4 <D 
temffim^n^T , Sic, HWMt^-A'*^-?, P* O 10 

s 3 9-4 7% Ah 0> 3-6% ZnO 8 
-2 21 BaO 1-12% Lu O 7-17 
%, Na. O 7~1 7% K s O 0-8%, tztz 
U Z nO + B a 0# 1 9 — 2 4%, L i 2 0 + Na 2 

0 + Ki 0^2 5-3 3% A* lb* Z> 7 X®. 

[0 0 0 9] P 2 O s (4, P bO£££ftV^IL£>tf7 
^SSlcJi, tl©^7^»HMK*fc5. P 2 O 

»^fl6ti-5*3-tn«*^-f 5©T\ 3 9*/w%JW±fr 

©T-, *©£^Sf44 7*/u%#T;4 s #*U\ > 
[0010] A 1 2 0 3 fi, R*ttl-#SfcftJ&#T-*> 

[0 0 11]' ZnOfi, ffiHtt**>£0S&fcT(tft* 
ttSrlRl±S*405T?, PbO£-&£ftt^<g;j8l!#7 7»;:i 

&Jgi©ii;fttt£Pl : gL, #77©£iS«ia]*> 

tSO-C, ZnOi©TO;tM^tfc5„ Ltf> 

©T\ £*rftf4fc$ 9#<4ev^^Av\ Sot, i~ 

1 2^%©tWiA s l^t'*)5. L*»fc, ZnOtB 
aOC^H-tfili, 19~2 4^%^tfc6. 

[0 0 12] Li: O, N a 2 OI4, #7* 

7 7©»*j4#&Mt1-5©T-#]£L<&v\ 
B7ktt^<b, Li = OtNa 2 OtZOV^TIi^-* 7 — 1 

-££S!*#ft'b*:#^©-t-, o~8^-/u%(D^fi^S 50 
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$Ji~5 w t i 5 Tj Sfflt', Li, O, Na: OMK- 
OtO-^ti-fti: LT2 5~3 3^U%0^ft*5jg^T*fc 
5. 

[0013] ftoT, i&ffiSte&Jg, JtW. ±&© y >^ 

£#7 feft«tttm***i- 5 t c i 9 . 

£#7X*ftJ**i:©iifttti6S&V*©"C. J:»>3&BT«* 
[0014] -t L~C, »*« l 

« 5 t J: titf, iliESHKtt&JSt 
^tc#5*fcfl£tt«-^©#m*fiS;lwJ:ix«, HtllEDc^tt^ 

©#m«j&t.t*u4\ a*©«c«ttA»t*sv^T, »* 

[0 0 15] 

M©Hft©ffi*ffi] WTt*^PJ©Hffi©^ffitov^ 

TfB^tttWi-s. Fe, 8 si. b,3 w&m^&me 
5 um) ©tttttt&B©«M&tt:£ y >m&^7 ^n&s&m 

ffifttf; 3 um) ^95: 5<D^l#it (ff 

Lfc 0 BIB. ©SftSietlglrolStlRii (Rffi 

3 3i»P>i|sS*lSllwSta-r 5* I7-A4 ©ft«K 
5>itfcJfff«fB» 5 ic 4. 9 «m« 9 %»JE • JESS 

<5S$ 2 6 ©5t*tfi#it P>itfc^ ^ 7 lc«t 

t»»e»9ftli#IR5*ff*. |17-A4tg27- 



(4) 
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[0016] &iciy >&&tfyxmf3L®K»m&m\z-o\ l i 
pic^sjLfc. mmm. n*, co, , k= c 

O, , (08itf. BaO, ZnO?) , 

ft* («*.«. Al (OH) a m RVM («*.tf, H 

3 PO, « J: <ffi-g-Lfc.|ft» iST/Ktl© 

nt*fcfl!^-c. 90 or, i*m, n*wtjH*L<e4s 

2 Os 3 9~4 7% Ah O. 3~6%, ZnO 
8~22% BaO 1-121 Li, O 7~1 
7%, Na: O 7~1 7%, K 2 O 0-8%. fcfc* 
U ZnO + BaOiU9~24l Li 2 0 + Na 2 
O + K, 0^2 5-3 3% frb*£Z>UfiL<DV 

[0017] #7^eM,i±, Dscftiao, lot: 

[0 0 18] W*ttHu ft© J: SHUT***:* (W) 
ity^m^5 gSr*fi*5 0 0m 1 f{C6 0# 



W= (go -gac) /gso X100 

&oT, W©ftt#/h 3 VMS (6ffl±*»e> 
Wtt2%£iT##£LV\, 
[0 0 19] ft Id, fSn^ttWTcOi^lCLTaa&L 
fc. fc*5. iiifttiiB2t*tJ:?t > ffiffiroBffi- 
iitft#iBi««-*«ffiii4:<o«Se©r. K-fcO, tt 

K, #7*liMtt*HftT,^»$LfcHfai«:©tf. 4 60 

t©naixT3o^i> mtifte™ zmfei- 
fc 0 -t©«a«*±tf. 5 4 orr-rog^e 

li, 0«. lil 0 Ot£lT, fBix^©it 6s« /0«. 
!i#J0. 4eJLTT-fo6trc>^»t UV\ 
[0 0 2 0] *1, 2\Z, >J >mm.$7Xt8.i$.%)<0-M 

t Lxmmm 1 ~ 5 ko^t, **Wic-ar*ji4v« 

[0 0 2 1] 

[«1] 





1 


2 


3 


4 


5 


6 


7 


8 


9 




41.7 


45.5 


43.5 


40.5 


46.5 


44.0 


50.0 


43.5 


33.0 




4.8 


4.8 


5.0 


5.0 


4.7 


5.0 


4.4 


5.0 


5.9 


ZnO 


18.6 


11.1 


20.5 


21.5 


10.8 


22.0 


20.0 


8.5 


26.7 


BaO 


3.0 


JO. 6 


2.0 


2.0 


10.4 






14.0 




7. nO+B aO 


21.6 


21.7 


22.5 


23.5 


21.2 


21.8 


20.0 


22-5 


26.7 


L 1,0 


16.0 


14.0 


7.5 


15.5 


13.7 


4.0 


12.8 


14.5 


17.2 


Na t O 


16.0 


14.0 


14.5 


15.5 


13.7 


14.5 


12.8 


14.5 


17.2 


KjO 






7.0 






10.5 








L t 8 0 I NijO + KjO 


32.0 


28.0 


29.0 


31.0 


27.4 


29.0 


25.6 


29.0 


34.4 



[0022] 



3K « [S2] 





1 


2 


3 


4 


5 


6 


7 


8 


9 




303 


311 


307 


312 


313 


315 


299 


315 


330 




1.38 


1.63 


1.93 


1.38 


1.75 


4.04 


36.63 


1.07 






0 


92° 


100° 


84° 


98° 


92° 


129 


103 


97 






0 590 


18* 


29° 


11* 


28° 


34° 


16 


59 


103 




0 & «80 


0. 20 


0. 29 


0. 13 


0. 29 


0. 37 


0. 12 


0. 57 


1.06 





[00 2 3] Si, 2^t,j3*>5J: 0\Z. tteEflSJ 6 — 9 
&tltLft&Zffi*.X^Z. 

[0024] mnnmm &T^fe<»%wm*wA 
<i> &m&&m<»®n#&mz#yxmtfLmz£y)W. 
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»CH5t«)Ttt<i:< > mz.fi. Al, O. -^P, O. 



L 



to 



(5) 
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StZnO^BaO^i^SrO, CaOS 
<5> i&SEtt&Jllli. 3fe©Hit*IS-ettWLfcFe» S 
*>?)45Fe - S i -B-M (MI4C r , W, Mo, N 

b frbmt£tLtL'j>t£< t h i mtDjtm) *#ak**. 

Co-Fe-S i-B S^ftS-g-^, F e - C u - S i 
-B-M (MIlNb, W, Ta, Zr, Hf, TiM 

D X^/K -fe^^X K #1^-7 0^, Fe-Si| 
Fe-Ni|M, XI4*6^T-fcoTt^V\ 

<6> «c«tttmt*s»t5y^»!fi^7^iija*«5^ 



10 



: «g?r*fc-rfc*tc(4. 0 . 5~20vol %gg<D"£ 
<7> y ^K«^5^IMt«jfcJ: DtWJHt^otMtt* 

<8> *55MK«5*»ttff»Sr«iai-S^5^»«* 
tt. ?1<rao7M*t:^-CV^T<bJl^. ffl, SnOl 

[13 2] «ftftat&9iia 



[02] 





'SS/SSSS/S* 



(51) Int. CI. ' SSSiJie^" FI T-73-K 

C 2 2 C 38/00 3 0 3 C 2 2 C 38/00 3 0 3 S 

*mf*mifi®mm&mm-Ta 2#47# 

*ra^B6rtTai$li©»m-Ti 2#47-S§- 

1*1 

(72)«W# *« J§ 

*iRj&*iKffii&ai2»*ME-Ti 2#47^ 

<72)SS9i# Ul# «St 

*Kft*BSmfcii£©*)K-T@ 2#47^- 




(6) 



F*-i>(#%) 4G062 AA08 


AA09 


AA15 


BB09 


CCIO 


DA01 


DB03 


DCOl 


DD05 


DE03 


DE04 


DFOl 


EA03 


EA04 


EB03 


EB04 


ECOl 


EC02 


EC03 


EDOl 


EEOl 


EFOl 


EG03 


EG04 


FAOl 


FAIO 


FBOl 


FCOl 


FDOl 


FEOl 


FFOl 


FGOl 


FHOl 


FJOl 


FKOl 


FLOl 


GAOl 


GAIO 


GBOl 


GCOl 


GDOl 


GEOl 


HHOl 


HH03 


HH05 


HH07 


HH09 


HH11 


HH13 


HH15 


HH17 


HH20 


JJOl 


JJ03 


JJ05 


JJ07 


JJIO 


KKOl 


KK03 


KK05 


KK07 


KKIO 


MM06 


MM09 


NN26 


NN34 


PP12 








4K018 AA26 


AA30 


BA13 


BC28 


BDOl 


GA03 


KA43 








5E041 AAOl 


AA02 


AA04 


AA07 


AA11 


AA14 


AA19 


BCOl 


BDOl 


BD03 


CAOl 
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